Myocardial buffering capacity and high-energy phosphate utilization during hypothermic circulatory arrest and recovery in the newborn lamb in vivo.
The purpose of this study was to measure myocardial buffering capacity and adenosine triphosphate utilization rates in the newborn animal in vivo during hypothermic circulatory arrest and recovery. These studies were performed with 31P magnetic resonance spectroscopic techniques, which supplied a 12- to 16-second time resolution, to monitor intracellular pH and phosphocreatine and adenosine triphosphate levels. All experiments were performed with a radiofrequency surface coil on the pericardium with the sheep centered inside a 4.7 T magnet. Newborn sheep (n = 5, aged 16 days +/- 2.4 standard error) were supported by cardiopulmonary bypass, cooled to 20 degrees C, and subjected to 20 minutes of circulatory arrest. During early ischemia, phosphocreatine hydrolysis progressed at a linear rate, 1.2 +/- 0.05 mumol/gm per minute, and was accompanied by intracellular alkalinization. Myocardial buffering capacity calculated from delta pH/delta phosphocreatine equals 25 +/- 3 mueq gm-1 delta pH-1, a value similar to that obtained from perfused heart studies. After the initial 4 minutes in ischemia, the decrease in phosphocreatine hydrolysis was accompanied by intracellular acidification, which is likely due to late induction of anaerobic metabolism. In these studies, early phosphocreatine hydrolysis rate is nearly equivalent to adenosine triphosphate utilization rate. During the early period of ischemia phosphocreatine hydrolysis serves a buffering function and is associated with intracellular alkalinization. These techniques and measurements can be used to compare effects of myocardial preservation techniques on intracellular pH and adenosine triphosphate kinetics.